o efeito da urotensina 11 (UII) nos fluxos de água e íons (Na+, K+, Ca 2 + e Mg2+) no intestino médio, reto, vesícula biliar é bexiga urinária do teleósteo dulciaquícola Hoplias malabaricus foi investigado. O fluxo de água em todos os órgãos estudados de H. malabaricus é mucosa-serosa (absorção). A UII aumentou o fluxo de água no intestino médio, vesícula biliar e bexiga urinária. O intestino médio, a vesícula biliar e a bexiga urinária também absorvem Na+. O K+ é absorvido no reto e secretado na bexiga urinária. A UII não alterou os fluxos de Na+ e K+ nas porções estudadas. Todos os órgãos estudados secretaram Ca 2 +, e a UII reduziu o fluxo deste íon no intestino médio e bexiga urinária. O fluxo de Ca2+ no reto e na vesícula biliar não foi afetado pela UII. Não há nenhum fluxo significativo de Mg2+ nas porções estudadas, e a UII estimulou a absorção deste íon no intestino médio e bexiga urinária. Este estudo indica que a UII participa do controle de órgãos osmorreguladores de H. malabaricus. Além disso, este trabalho também levanta a possibilidade de que a UII possa estar envolvida na regulação da composição iônica da bile dos peixes, uma vez que este hormônio altera o fluxo de água e Ca2+ na vesícula biliar de H. malabaricus.
EFFECT OF UROTENSIN 11ON WATER ANO ION FLUXES IN THE INTESTINE, GALLBLAOOER ANO URINARY BLAOOER OF THE FRESHWATER TELEOST,
Hoplias malabaricus. 
INTRODUCTION
Urotensin 11 (UIl), aneurohormone produced by the caudal neurosecretory system, has a well defined vasoconstrictor and pressor effect in fishes (Hazon et aI., 1993) . However, its role in osmoregulation remains unclear. A specific role for UII in freshwater adaptation was suggested, since the effects of this neurohormone on some osmoregulatory organs would led to an increase of plasma ion concentration (Loretz et aI., 1981; Baldisserotto, 1991) . UII inhibited CIsecretion by the skin of Gillichthys mirabilis (Marshall and Bem, 1981) and opercular membrane of Oreochromis mossambicus (Foskett and Hubbard, 1981; Loretz et aI., 1981) , change of water, and/or Na+ and CI-absorption in the intestine of G. mirabilis (Loretz et aI., 1983) , O. mossambicus (Mainoya and Bem, 1982, 1984) and Anguilla anguilla (Baldisserotto and Mimura, 1996) , and increased diuresis in Aj7guilla japonica (Chan, 1975) . In contrast, UII enhances the reabsorption of Na+ in the urinary bladder of G. mirabilis (as occurs in seawateradapted specimens) and inhibited prolactin secretion (the most important hormone in freshwater adaptation) (Rivas et aI., 1986) .
In view of the above mentioned results, this study investigated the effects of UII on the flow of water and ions in the intestine, gallbladder and urinary bladder of the freshwater teleost, Hop/ias malabaricus, in an attempt to elucidate the role of this neurohormone in fish osmoregufation. (Loretz~, 1983) and Oreochromis mossambicus (Mainoya and Bem, 1982, 1984) . Ali values were expressed as the mean ± SE. In order to verify the significance of the flow of water and ions, and of the difference between these flows, in the presence or absence of UII, the tStudent test was used. The minimum significant levei was p < 0.05. Ali test were run on the Microstat program (Ecosoft, Inc.). When flow values were statistically different from zero, positive values indicated a net mucosa-serosa flow (absorption), while negative ones indicated a serosa-mucosa flow (secretion).
MATERIAL ANO METHOOS

Specimens of
RESULTS
The flow of water in ali studied organs of H. malabaricus is from mucosa to serosa (absorption). UII increased the flow of water in the medium intestine, gallbladder and urinary bladder. The water flow of the rectum was not affected by this neurohormone. The medium intestine, gallbladder and urinary bladder also absorbed Na+. The flow of this ion was not statistically different from zero in the rectum. UII did not change the flow of Na+ in the studied portions (figure 1). K+ is absorbed in the rectum and secreted in the urinary bladder. There was no flux of K+ in the medium intestine and gallbladder. LJII did not affeG.tthe flow of this ion in the studied portions. Ali studied portions secreted Ca2+ , and the flow of this ion in the medium intestine and the urinary bladder was reduced by UII.
The flow of Ca2+ in the rectum and gallbladder was not altered by UII. There was no significant flow of Mg2+ in the studied portions, and UII stimulated the , absorption of this íon in the medium intestine and urinary bladder (figure 2).
DISCUSSION
1 -Medium intestlne and rectum: The medium intestine and rectum of H. malabaricus absorb water and Na+ (only medium intestine) as observed in the intestine of several freshwater-adapted teleosts (Smith et aI., 1975; Mainoya, 1982; Nakamura, 1985; Mimura et aI., 1987; Baldisserotto et aI., 1993; Baldisserotto and Mimura, 1995) . Measurements of the flow of K+ in the intestine of freshwater-adapted teleosts have given conflicting results: this ion was absorbed in the intestine of some species, as H. malabaricus (rectum) and C. carpio (medium intestine) (Nakamura, 1985) , but in other there was no flow, as S. marmoratus (Baldisserotto et aI., 1993) , or this ion is secreted, as P. scrofa (Baldisserotto and Mimura, 1995) .
Calcium is secreted by the intestine of H. malabaricus, P. marggravii (Mimura& ,1987) , and P. scrofa (Baldisserotto and Mimura, 1995) . However, transport of Ca 2 + was not apparent in the intestine of C. carpio (Nakamura, 1985) , and this ion was absorbed in the anterior intestine of S. marmoratus (Baldisserotto et aI., 1993) . There was no flow of Mg2+ in the intestine of H. malabaricus, as was observed in the intestines of C. carpio (Nakamura, 1985) , and S. marmoratus (Baldisserotto et aI., 1993) . However, the intestines of P. marggravii (Mimuraã I., 1987) , and P. scrofa secrete this ion (Baldisserotto and Mimura, 1995) . UII increased the absorption of water only in the medium intestine and did not change the flow of Na+ in the medium intestine and rectum of H.
malabaricus. The same dose of UII also increased the absorption of water, Na+ and cr in the anterior intestine of O. mossambicus, but only in seawater-adapted fishes (Mainoya and Bem, 1982, 1984) , and Na+ and cr in the posterior intestine of 5% seawater-adapted Gillichthys mirabilis (Loretz et aI., 1983) . However, UII decreased the short-circuit current and transepithelial potential difference of the posterior intestine "in vitro" of freshwater-adapted Anguilla anguilla. The reducement of these parameters could be due to a decrease in the absorption of Na+ and CI-by this organ (Baldisserotto and Mimura, 1996) . UII inhibited the secretion of Ca2+ and stimulated the absorption of Mg2+ in the medium intestine of H. malabaricus, and had no effect on the flow of K+ in the intestine of this species. Since the effect of UII on the transport of K+, Ca2+, and Mg2+ in the intestine was not previously investigated, comparison with other species is not possible. Ali the above described effects of UII in the intestine of teleosts, with the exception of the increase of water absorption in the medium intestine of H.
malabaricus, are related to freshwater adaptation.
• Gallbladder: Analyses of the gallbladder bile of fasted teleosts
demonstrated that the concentrations of Na+, K+, Ca2+, and Mg2+ are higher in the gallbladder bile than in the plasma, while the concentration of CI-is lower in the gallbladder bile (Hunn, 1972; Baldisserotto et aI., 1990b) . The levels of Ca 2 +, Mg2+, and CI-in the gallbladder bile of fasted H. malabaricus maintain the same pattem. However, the levels of Na+ and K+ in the gallbladder are not different from plasma levels in this species (Baldisserotto and Mimura, in press) . The gallbladder of H. malabaricus absorbed water and Na+, as observed in other teleosts (Diamond, 1962; Hirano and Bem, 1972; Baldisserotto and Mimura, 1992) . Ca 2 + secretion was also detected in the gallbladder of H. malabaricus. However, the gallbladder of S. marmoratus absorbs this ion and no flow was observed in that of P. scrofa (Baldisserotto and Mimura, 1992) . There was no flow of K+ and Mg2+ in the gallbladder of H. malabaricus, but K+ and Mg2+ are absorbed by the gallbladder of S. marmoratus and K+ secreted by that of P. scrofa (Baldisserotto and Mimura, 1992) .
UII increased the absorption of water, inhibited the secretion of Ca 2 + and did not alter the flows of Na+, K+, and Mg2+ in the gallbladder of H.
malabaricus. Urophysial extract also stimulated the flows of water (secretion), K+, .
and Mg2+, inhibited that of Ca2+, and did not change that of Na+ in the gallbladder of S. marmoratus (Mimura and Baldisserotto, 1989) . Since the reabsorption of water by the gallbladder is essential to concentrate the bile produced by the liver (Diamond, 1962) , the effect of UII on the water transport on this organ could be important to increase its capacity to store the bile for a longer period of time.
Besides, the fact that UII alters water and Ca2+ fluxes in the gallbladder of H.
malabaricus also raises the possibility that UII may be involved with the regulation of the composition of the bile of fishes.
3 -Urinary bladder: The urinary bladder of H. malabaricus absorbed water and Na+ at a similar rate to that of the urinary bladder of freshwater-adapted S. irideus (Fossat and Lahlou, 1977) and Platichthys stel/atus (Demarest, 1984) .
The absorption of Na+ by the urinary bladder of freshwater teleosts is important to reduce the quantity lost by the urine (at least 40% of urinary losses) (Curtis and Wood, 1991) , and could be related to H+ excretion (Cameron and Wood, 1978) . A secretion of K+ and Ca2+ was also detected in the urinary bladder of H.
malabaricus. The urinary bladder of the seawater-adapted Pseudopleuronectes americanus also secretes K+ (Dawson and Frizzell, 1989) . To our knowledge there are not available studies related to the flows of Ca2+ and Mg2+ in the urinary bladder of teleosts.
UII increased the permeability of the urinary bladder of H. malabaricus to water, since the absorption of water was largely increased. There are no studies related to the effects of UII on water absorption by the urinary bladder, but urophysial extract increased the permeability of water in the urinary bladder of the toad Bufo marinus (Lacanilao, 1969) . However, neither injection of this extract nor urophysectomy changed water movement in the urinary bladder of fresh-and seawater-adapted P. stel/atus (Johnson eí aI., 1972) . UII also increased Mg2+ absorption and reduced Ca2+ secretion in the urinary bladder of H. malabaricus.
The flows of Na+ and K+ were not modified by UII. This hormone increased the absorption of Na+ in the urinary bladder of seawater-adapted G. mirabilis (Loretz e Bem, 1981) .
It could be argued that the lack of effect of UII on the flow of some ions in the studied organs of H. malabaricus can be due to the degradation of this neurohorrnone by peptidases. However, this hypothesis is less probable, since similar experiments with other species also did not use peptidases inhibitors and UII had effect (Loretz et alo, 1983; Mainoya and Bem, 1982, 1984; Hazon et alo, 1993) . In addition, UII was added to the serosal side, and intestinal enzymes are secreted by the mucosal side.
The present study indicates that UII participates in the regulation of osmoregulatory organs of H. malabaricus. The stimulation of water absorption in the medium intestine and urinary bladder by this neurohorrnone could be related to seawater adaptation. However, this species lives only in freshwater (Paiva, 1974) and such effect of UII would increase the need of water excretion by the fish. On the other hand, the inhibition of Ca2+ secretion and the increased absorption of Mg2+ in the medium intestine and urinary bladder seems to be more related to freshwater adaptation. These results and the conflicting UII effects described in another teleosts, mentioned in the introduction, are not sufficient to determine the function of this neurohorrnone on sea-or freshwater adaptation in teleosts.
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